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Abstract: Eight rhizobial isolates were tested for their tolerance of pH, temperature and salt and intrinsic heavy
metal resistance. The result showed that variations exist among the isolates in terms of tolerance to pH ranging
from 4.5-9.0 while they were very sensitive to concentrations of NaCl beyond 0.1%. On the other hand, all of
the tested isolates were grown well within 20-40°C. Furthermore, evaluation of their  intrinsic  resistance  to
heavy metals showed that all tested isolates exhibited high resistance to ZnCl , MnCl  and HgCl  at2 2 2

concentrations of 50, 250 and 5 µg ml , respectively and 87.5% of  the  isolates  exhibited  an  intrinsic1

resistance to CuCl (50 and 100 µg ml ), ZnCl (100 µgmlµ ) and MnCl (500 µgml ). However, all isolates were2 2 2
1 1 1

sensitive to both 10 and 20 µgml concentrations of CdCl , 10 µgml   of  HgCl  and  500  µgmlµ   of  Pb1 1 1
2 2

(CH CO) .  Additionally, carbon utilization of the isolates was evaluated and the result showed that all isolates3  2

grew well on medium supplemented with varying carbon source within 2-4 days. The generation time for all
isolates except HUFPR16, HUFPR21and HUFPR22 on each tested carbon source was found to be greater than
the respective generation time on YEMA. Besides, carbon sources such as glucose, sucrose / cane sugar
showed the potential to replace manitol for mass scale production of isolates HUFPR16, HUFPR21 and
HUFPR22.
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INTRODUCTION The size, shape, color and texture of colonies and the

Rhizobia inhabiting a particular soil may differ in both characteristics useful in defining strains of isolates.
symbiotic as well as other phenotypic and genotypic Colonies will be discrete,  round,  varying  from flat to
characteristics. The characterization of the indigenous dom-shaped and even conical on agar surface.
rhizobial population plays an important role in better Furthermore, they may be white, opaque, milky and watery
understanding of soil biodiversity and in improving the translucent when they are incubated in Yeast extract
contribution of biologically fixed N to field pea production manitol agar (YEMA) containing Congo red indicators [2].
[1]. Several arrays of techniques are used for detecting However, contaminants usually absorb the red color of
and describing rhizobial diversity. These are host range, the  dye. In addition, rhizobia grow poorly, if at all, on
comparative growth, intrinsic antibiotic résistance, peptone glucose agar when incubated at 26-30°C in which
carbohydrate utilization; tolerance to varying level of pH, heavy growth on this medium  indicates  contamination
temperature and salt and heavy metal. These are among [4]. Fast and slow growing rhizobia can be distinguished
the most common methods that are considered for with Bromothymol blue indicator on YEMA media [5].
phenotypic characterization and are used primarily to Fast growing rhizobia show an acid reaction, turning the
study rhizobial diversity [2, 3]. green  media  to  yellow while slow growing rhizobia show

ability to alter the pH of the media are generally stable
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an alkaline reaction, turning the green media to blue. rod in 0.1 N NaCl and few drops of distilled sterile water.
Tolerance to acid or alkali, temperature sensitivity, One loopful of the nodule suspension was streaked on
resistance to antibiotics and heavy metals, tolerance to YEMA plate containing 0.0025% Congo  red  (CR)  with
salinity, utilization of different carbon sources and pH = 6.8 in glass petridishes. The plates were inverted and
symbiotic characteristics were used by many incubated at 28±2°C for 3-5 days.
investigators to describe a wide physiological diversity
among tested [2, 3]. Purification and Preservation of the Isolates: Single

In addition to the above phenotypic characterization isolated colony was picked with sterile inoculating loop
methods, genetic characterization methods [6] permit more and transferred into 10 ml of YEM broth in a test tube,
reliable identification and help to gain improved vortex dispersed and placed on rotary shaker at room
knowledge of local populations. On the other hand, the temperature for forty eight hours. A loopfull of culture
ICSB recommends that sufficient phenotypic characters suspension from each tube was then streaked on sterile
should be examined to complement phylogenetic YEMA plate and incubated at 28±2°C for 3-5 days.
classification [7]. The use of phenotypic characters, Repeated sub-culturing was done until purity and
therefore, remains a useful tool at least in the initial uniformity was maintained. Single well isolated colonies
characterization of rhizobial isolates. were transferred to YEMA slants containing 0.3% (W/V)

MATERIALS AND METHODS were stored at 4°C [9]. These procedures were repeated

Nodule Collection and Isolation of Rhizobia: Five field HUFPR (Haramaya University Field Pea Rhizobium).
pea seeds were sown on each soil sample collected from
each district in a surface sterile plastic pot (3 kg capacity) Presumptive Test of the Isolates: Presumptive tests were
at Haramaya University greenhouse. The pots were done by re-culturing the primary isolates into YEMA
irrigated to maintain moisture in the pots at field capacity containing, CR, peptone glucose  agar  (PGA),
for 45 days. Then after 45 days, the plants were uprooted Ketolactose test medium and Hofer’s alkaline broth
from the pots and the intact, pink and large nodules were (HAB). The isolates were checked for colony morphology
separated from the taproot with a portion of the root typical of rhizobia and were Gram stained to check the
attached to the nodule for ease of handling and purity of the culture.
transported through vial containing silica gel until the
isolation of rhizobia was undertaken at the Haramaya Yeast Extract Manitol Agar Containing CR: YEMA
University Soil Microbiology Laboratory. containing 25 µg Congo red (10 ml L ) was used to

The nodules were thoroughly washed with distilled differentiate isolates from Agrobacterium and to evaluate
water so as to remove gross surface contamination. After their abilities to absorb the dye. The inoculated medium
an overnight soaking in distilled water, the nodules were was incubated in dark [4].
again immediately immersed in 70% ethanol and 3-5%
H O for 3 minutes and 1 minute, respectively [8]. Surface Peptone Glucose Agar: Glucose Peptone Agar (PGA)2 2

sterilized nodules were washed at least 10 times assay was used to determine the capability of the
successfully with sterile water to remove the sterilants microorganism to utilize glucose as the sole carbon source
completely.  Nodules  were  crushed  with  a   sterile  glass for  its  growth.  PGA medium  [10]  g/L   glucose,   20  g/L

CaCO . When sufficient growth was observed, the slants3

for all isolates that were eventually given the designation

1

Table 1: Sampling sites of field pea growing areas of Hararghe Highlands, Eastern Ethiopia
Location
---------------------------------------------

Isolate code District Site Alt. (masl) Latitude(N) Longitude(E) Soil pH 1:2:5 legume on the soil field
HUFPR03 Chiro Shola 2177 09°05'52.0'' 040°56'51.1" 7.5 Field pea
HUFPR06 Tulu Odda kebena 2248 09°09'16.6'' 041°01'33.7'' 7.4 Field pea + Faba bean
HUFPR16 Deder Cheka gemechu 2510 09°16'29.0'' 041°21'09.2" 6.9 Field pea
HUFPR17 Deder Walfala gudina 2470 09°17'10.2'' 041°22'16.8" 7.2 Field pea +faba bean
HUFPR19 Deder Obbi No.1 2446 09°18'33'9" 041°25'41.1" 7.4 Field pea + Faba bean
HUFPR20 Deder Nano Jalala 2407 09°18'41.8'' 041°25'50.1" 6.9 Field pea
HUFPR21 Meta Duydaelaa 2409 09°22'38.3'' 041°32'56.6" 7.1 Field pea + Faba bean
HUFPR22 Meta Chelenko Lola 2157 09°25'09.7'' 041°37'16.8" 7.6 Field pea
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peptone, 5 g/L NaCl, 15 g/L agar,1ml (1.6% alcoholic order to test carbon source utilization of the isolates.
solution) bromo cresol purple,  1L  distilled  water Manitol was included as a control. Active  cultures of
adjusted to pH 7.0] was inoculated with isolates and each isolate were inoculated at 1% v/v (0.1 ml to 10ml) into
observations were taken after 15 days of incubation for pre-sterilized broth media containing each carbon source
growth [10]. treatment. The media inoculated separately with the test

Gram Reaction: All isolates were tested for presumptive temperature for 5 days at 120 revolutions  per  minute.
purity test using gram staining. A loopfull of each isolate Two steps serial dilutions were made by transferring 0.1
from broth culture was spread on a microscopic slide and ml of shake culture into 99.9 distilled sterile water blanks.
a thin smear was prepared. Then the smear was gram Finally, 0.1 ml aliquot was spread on CR-YEMA plates
stained and their shapes and gram reaction was observed from the 10-6 dilution. The plates were incubated at 28+
microscopically to confirm the identity of the isolates. 2°C and plates with 30-300 colonies were chosen for

Ketolactose Test: The isolates were streaked on sterile determined at 0,24, 30, 36, 42, 48, 56, 60, 66, 72, 78, 84, 90,
yeast lactose agar (YLA) similar to YEMA in which the 96, 102, 108, 114 and 120 hours and reported in colony
same  concentration of lactose replaced manitol and forming unit per ml (CFU ml ).
finally the YLA surface was covered with 10-15 ml of The generation time at each carbon source was
Benedict’s reagent for 10 minutes [10]. The production of calculated from growth in the logarithmic phase of the
3- ketolactose as development of yellow ring due to Cu O viable count data by taking two specific points of growth2

around the growth of the organism was indicative of and a specific time interval using the following formula.
Agrobacterium contamination [10, 11].

Hofer’s Alkaline Broth Test: Hofer’s alkaline broth test
was carried out by growing isolates on an alkaline medium
(K HPO , 0.5 g; MgSO , 0.2 g; NaCl, 0.1 g; CaCO , 0.05 g; where:2 4 4 3

yeast extract, 1.0 g; mannitol, 10 g; and water, 1000 ml; pH G = generation time, t = time interval in hours,
adjusted to 11.0 by adding approximately 28 ml of 1N a=number of bacteria at the beginning of a time interval (at
NaOH and 1 ml of 1.6% thymol blue) which served as a t ),
useful criterion for distinguishing Rhizobium from b= number of bacteria at the end of a time interval (at t ).
Agrobacterium radiobacter [9, 10].

Cultural Characteristics of Isolates: A loop-full of test tolerance to salinity in  YEMA  medium  supplemented
isolates from 48 hours old YEM broth culture was with NaCl at concentrations of 0.1, 0.5, 1.0 and 1.5% (w/v).
inoculated into YEMA plate. After 3-5 days, data on The results were recorded qualitatively either as +/- for
colony characteristics such as colony size  (mm),  shape, presence and absence of growth, respectively, after 5
texture and color were recorded. Isolates were incubated days of incubation at 28±2°C [11].
into BTB-YEMA (0.25% bromothymol blue) medium to
determine their ability to produce acid or base and change Temperature Tolerance: To verify the temperature
the color of the medium. A blue color indicative of an tolerance, growth of isolates were detected at 4, 10, 15, 20,
alkaline reaction on BTB whereas a yellow color indicate 25, 30 and 40°C on YEMA medium. The results were
acid production in the medium [4, 12]. recorded qualitatively either as + for presence or – for

Physiological Tests: Physiological tests were carried out [11, 12].
in triplicates on the eight most relatively effective isolates.
Before inoculation, isolates were grown on YEMB and the pH Tolerance: The ability of isolates to grow in different
results were scored after 3-5 days of incubation at 28±2°C pH was tested on YEMA adjusted to pH levels 4.0, 4.5,
unless stated otherwise [4]. 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0 and 9.0 with sterile 0.1N HCl

Growth on Different Carbon Source: Glucose, sucrose and 1N NaOH [13]. The results were recorded qualitatively
starch and cane sugar were used as alternate carbon as + for presence or – for absence of growth after 3-5 days
source for manitol in Yeast Extract  Manitol  Media in of incubation at 28±2°C.

isolates were incubated on rotary shaker at ambient

counting [9]. The rhizobial population of the aliquot was

1

1

2

Salt Tolerance: The isolates were tested for their

absence of growth after 3-5 days of incubation at 28±2°C
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Intrinsic Heavy Metal Resistance: Resistance to heavy Failure of these isolates to absorb Congo red from
metal was determined on solid YEMA media containing YEMA-CR media and to grow on peptone glucose agar
the following filter sterilized heavy metals using sterile media presumptively indicated that they were root nodule
0.2µm pore size membrane filter (µg ml-1): ZnCl2 50,100; bacteria [11]. Furthermore, the absence of growth on
MnCl2 250,500; CuCl2 50,100; HgCl25,10; CdCl2 10, 20; Hoffers alkaline broth and on Ketolactose medium also
500 Pb(CH3CO)  [2]. The filtered solutions were added to indicated that the isolates were not contaminants. These2

the media after autoclaving and cooling to approximately results are in line with the findings of [10]. Furthermore,
55 °C [14]. If the required concentration is 10 µg ml , 0.1 Subba Rao [15] also reported earlier that HAB and1

ml stock was added to 200 ml of YEMA. Finally 100 µl ketolactose test medium can be used for the preliminary
suspensions of cultures were spread on YEMA media and identification of rhizobial species from gram-negative
incubated at 28 + 2°C for 3-5 days. The results were rhizosphere bacterial contaminants.
recorded qualitatively either as +/- for presence and
absence of growth, respectively. Cultural Characteristics of Isolates: The colony

RESULT AND DISCUSSION to 5.50 mm. The smallest colony (2.50 mm) was shown by

Isolation and Presumptive Test of Isolates: A total of 8 which were obtained from chiro and Tulo districts,
rhizobial isolates were collected from nodules induced respectively, while the largest colony (5.50 mm) was
from soils of Chiro, Tulo, Gorogutu, Deder and Meta shown by HUFPR 19 (Obbi No.1) from Deder district. On
districts of Haraghe highlands. All isolates were gram the basis of colony morphology, isolates were categorized
negative and rod shaped and did not absorb Congo red as large mucoid (LM), typically convex and white colonies
from YEMA-CR media and failed to grow on peptone respectively.
glucose agar (PGA) containing bromocresol purple Aforementioned colony characteristics were also
indicator. None of the isolates in this study showed reported by Herridge and Roughley [16], Ahmed et al. [2]
growth on Hoffer's alkaline broth (HAB) and ketolactose and Aregu [17]. All isolates changed YEMA-BTB media
test medium. from  green  to  yellow  color   [12,   18].   Based  on colony

diameters of all isolates were within the range of 2.50 mm

isolates HUFPR 03 (Shola) and HUFPR 06 (Odda kebena)

Table 2: Presumptive Test and Cultural Characterization of Field pea Isolates from the Hararghae Highlands

isolates size of the colony (mm) colony type colony shape colony texture Colony color

HUFPR03 2.50 LM Convex Buttery W
HUFPR06 2.50 LM Convex S.Elastic W
HUFPR16 3.80 LM Convex S.Elastic W
HUFPR17 4.50 LM Convex S.Elastic W
HUFPR19 5.50 LM Convex S.Elastic W
HUFPR20 4.80 LM Convex Buttery W
HUFPR21 3.00 LM Convex Buttery W
HUFPR22 4.50 LM Convex Buttery W

LM =Large mucoid, LW= Large watery, LD= Large dried, S.Elastic= Slightly Elastic,T=translucent, W=white

Table 3: Growth profile of field pea rhizobial isolates at different pH, salt and temperature

Tolerant Sensitive
---------------------------------------------------------------------------- -----------------------------------------------------------------------------

Isolate pH Temperature Salt pH Temperature Salt

HUFPR03 4.5-9.0 15-40°C 0.1% 4.0 4 and 10°C 0.5,1and 1.5%
HUFPR06 4.5-9.0 20-40°C 0.1% 4.0 4, 10 and 15°C 0.5,1and 1.5%
HUFPR16 4.5-9.0 15-40°C 0.1% 4.0 4 and 10°C 0.5,1and 1.5%
HUFPR17 4.5-9.0 15-40°C 0.1% 4.0 4 and 10°C 0.5,1and 1.5%
HUFPR19 4.5-9.0 15-40°C 0.1% 4.0 4 and 10°C 0.5,1and 1.5%
HUFPR20 4.5-9.0 15-40°C 0.1% 4.0 4 and 10°C 0.5,1and 1.5%
HUFPR21 4.5-9.0 15-40°C 0.1% 4.0 4 and 10°C 0.5,1and 1.5%
HUFPR22 4.5-9.0 15-40°C 0.1% 4.0 4 and 10°C 0.5,1and 1.5%
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Table 4: Intrinsic heavy metal resistant of field pea rhizobial isolates at different concentration
Heavy metals Concentration (µgml ) Percent of resistant isolates Resistant isolates (HUFPR)1

ZnCl 50 100% 03, 06, 16, 17, 19, 20, 21and 222

100 87.5% 03, 06, 16, 17, 19, 20 and 21 
CdCl 10 0% -2

20 0% -
MnCl 250 100% 03, 06, 16, 17, 19, 20, 21and 222

500 87.5% 03, 06, 16, 17, 19, 20 and 21
Pb (CH3CO) . 500 0% - 2

CuCl 50 87.5% 03, 06, 16, 17, 19, 20 and 212

100 87.5% 03, 06, 16, 17, 19, 20 and 21
HgCl 5 100% 03, 06, 16, 17, 19, 20, 21and 222

10 0% -

diameter, colony morphology, colony textures and acid The salt tolerance of the tested isolates also showed
production from YEMA-BTB medium; the isolates are that, all isolates displayed growth only at 0.1% NaCl
categorized into fast growing root nodule bacteria as concentration of the growth medium (Table 3). However,
reported by Jordan [12]. all isolates were inhibited at 0.5, 1 and 1.5% NaCl

Physiological Test of Isolates: Deaker et al. [19] stated NaCl concentrations up to 6% have been isolated from
that a better understanding of the physiological tolerance field pea plant [17]. Assefa et al. [20] also documented
of rhizobia in response to various environmental stresses tolerance of faba bean isolates for different
that compromise survival will assist in selection of robust concentrations of NaCl (0.5% up to 5%) supplemented to
strains more compatible with seed coating application. the growth medium. Generally, the rhizobial isolates in this

In this regard, the present study showed that study were found to be very sensitive to concentrations
variations exist among isolates in terms of tolerance to of NaCl above 0.1%. 
different pH conditions. As can be seen from the Table 3, Evaluation of the intrinsic resistance to heavy metals
all isolates showed growth at pH 4.5- 9.0. However, no showed that all tested isolates exhibited high resistance
growth was observed by any of the isolates at pH 4.0. A to ZnCl , MnCl  and HgCl  at concentrations of 50, 250
study made by Assefa et al. [20] revealed that the tested and 5 µg ml , respectively. A comparable effect was also
isolates showed remarkable variation in tolerance on observed with CuCl (50 and 100 µg ml ), ZnCl 100
different pH values of laboratory media and soil culture. µgml )and MnCl (500) µgml  in which about 87.5% of
Moreover, differences between isolates were also the isolates exhibited an intrinsic resistance to these
reported with regard to their growth at a particular pH of heavy metals when tested against their respective
the culture medium [21]. concentrations.

Additionally, Table 3 showed that all of the tested According to Maatallah et al. [2], it is possible that
isolates were grown well within 20-40°C. However, all of the effective inhibitory concentration could be lower than
the isolates (100%) were not tolerant to low temperatures those indicated in Table 4 because metal ions are known
(4°C and 10°C). Contrary to this finding, Aregu [17] to complex with agar and other media components.
documented 50 and 64% of isolates displayed tolerance to Therefore, the tested isolates could also be sensitive to
5 and 10°C, respectively. The maximum growth much lower concentrations of heavy metals present in
temperature for Rhizobium leguminosarum was 38°C, soils.
though temperature range is highly strain dependent for On the other hand, all isolates were sensitive to both
the genus Rhizobium [12]. Increased temperature optima 10 and 20 µgml concentration of CdCl , 10 µgml  HgCl

and 500 µgml Pb (CH3CO) . In addition, isolate HUFPR
temperature stress conditions as the symbiotic 22 was sensitive to all heavy metals at different
performance of different rhizobial strains under concentrations with the exception of ZnCl (50 µgml ),
temperature stress has been correlated with their ability to MnCl (250 µgml ) and HgCl (5 µgml ). These results
grow in pure culture at elevated temperatures as indicated were not, however, in agreement with those of Aregu [17]
by Hungria et al. [22]. In addition, almost all isolates and Maatallah et al. [2] who reported 54 and 75% tolerant
(87.5%) except HUFPR 06 showed growth at 15°C field  pea  and  chickpea rhizobial isolates, respectively, to

concentrations. Rhizobium isolates capable of growing at

2 2 2
1

2 2
1

1 1
2

1 1
2 2

of these isolates may be beneficial for its application in  2
1

2
1

2 2
1 1
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Table 5: Generation time of isolates in different carbon source supplemented in place of YEMA
Generation time at each carbon source
----------------------------------------------------------------------------------------------------------------------------------------------------------------

Isolates YEGLA YESUA YECSA YESTA YEMA
HUFPR03 4.2 5.9 5.6 5.7 4.0
HUFPR06 5.5 5.3 7.5 5.9 4.0
HUFPR16 3.4 5.8 5.9 5.9 4.9
HUFPR17 5.8 5.9 5.8 6.0 5.7
HUFPR19 6.0 5.6 5.9 4.7 4.6
HUFPR20 6.0 5.9 6.0 5.8 4.3
HUFPR21 6.0 5.9 5.9 6.0 6.0
HUFPR22 6.0 5.4 5.4 5.9 6.0
YEGLA=yeast extract glucose agar, YESUA =yeast extract sucrose agar, YECSA= yeast extract cane sugar agar, YEMA= yeast extract manitol agar and
YESTA= yeast starch agar.

HgCl (10 µgml ). Similarly, isolates that tolerate to CdCl minimum viable cell count (5 × 10  viable cells ml )2 2
1

(20µgml ) and 250 µgmlµ  Pb (CH CO)  were also1 1
3  2

reported [2]
As carbon substrate utilizations pattern are definite

biochemical characteristics of microorganisms [23], the
information on carbon substrate utilization can be used to
apply specific carbon sources to support and enhance
growth of isolates that can be used as inoculants to
maximize the potential of biological nitrogen fixation in
field pea.

In this regard, the suitability of four carbon sources
replacing manitol was tested on YEMA media for the eight
rhizobial isolates. The result demonstrated that the viable
cells count of all isolates in each carbon source media
exceed the minimum viable cell count (5 × 10  viable cells8

ml ) required from a commercial broth for mass scale1

inoculants production [15]. In the same way, a good
growth of R. leguminosarum (5 × 10  CFU ml ) on malt9 1

sprouts medium reported and declared its suitability [24].
However, the generation time of isolates varied

greatly for each tested carbon sources (Table 9). In
relation to this, isolates displayed 3.4-6.0 h generation
time on glucose (YEGLA), 5.4-5.9 h on sucrose (YESUA),
5.4-7.5 h on cane sugar (YECSA) and 4.7-6.0 h on starch
(YESTA) supplemented medium. Naher et al. [23] stated
that the generation time of diazotrophs vary from 10
minutes to several days depending on the carbon
substrates used. 

On the other hand, the generation time of isolates on
each tested carbon source were greater than their
respective generation time on YEMA. However,
HUFPR16, HUFPR21and HUFPR22 had 3.4 h; 5.9 h and 5.4
h generation time on glucose (YEGLA), sucrose (YESUA)
and cane suger (YECSA) which was lower than with their
respective generation time on YEMA.

Hence, the short generation time as compared to
YEMA along with the viable rhizobial cells count of these
isolates on these carbon source media which exceeds the

8 1

required from a standard commercial broth indicates the
suitability of these carbon sources to replace mannitol for
mass scale inoculants production of isolates HUFPR16,
HUFPR21 and HUFPR22.

CONCLUSION

In this study, all the isolates induced nodulation of
field pea and proved to be root nodule bacteria. It was
also found that variations exist among isolates in terms of
tolerance to 4.5-9.0 pH ranges whereas isolates were very
sensitive to concentrations of NaCl above 0.1%. Similarly,
all of the tested isolates were grown well within 20-40°C.
Furthermore, evaluation of the intrinsic resistance to
heavy metals showed that all tested isolates exhibited
high resistance to ZnCl , MnCl  and HgCl  at2 2 2

concentrations of 50, 250 and 5 µg ml , respectively. The1

data on carbon sources utilization of isolates showed that
all isolates grew well at each carbon source supplemented
medium within 2-4 days. The viable cell count of isolates
at each carbon source supplemented media exceeded the
minimum viable cell count (5 × 10  CFU ml ) required from8 1

a standard commercial broth. On the other hand, the
generation time of isolates on each tested carbon source
were greater than their respective generation time on
YEMA except HUFPR16, HUFPR21and HUFPR22 which
will have potential to replace manitol for mass scale
production.
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